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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


In Re The Application of: 
William H. Zebuhr 

Serial No.: Not yet assigned 
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For: ROTATING FLUID EVAPORA- 
TOR AND CONDENSER 


Examiner: Not yet assigned 
Art Unit: Not yet assigned 


DECLARATION BY SMALL BUSINESS CONCERN CLAIMING 
SMALL ENTITY STATUS UNDER 37 CFR SS1.9(f) and 1.27(b) 

I hereby declare that I am an official empowered to act on behalf of the small 
business concern identified below: 


Ovation Products Corporation 


I hereby declare that the above-identified small business concern qualifies as a 
small business concern, as defined in 13 CFR §121.12 and reproduced in 37 CFR §1.9(d), 
for piirposes of paying reduced fees under §4 1(a) and (b) of Title 35, United States Code, 
in that the number of employees of the concern, including those of its affiliates, does not 
exceed 500 persons. For purposes of this statement, (1) the number of employees of the 
business concern is the average over the previous fiscal year of the concern of the persons 
employed on a full-time, part-time, or temporary basis during each of the pay periods of 
the fiscal year, and (2) concems are affiliates of each other when either, directly or indi- 
rectly, one concern controls or has the power to control the other, or a third party or par- 
ties controls or has the power to control both. 

I hereby declare that rights under contract or law have been conveyed to and re- 
main with the small business concern identified above with regard to the invention enti- 
tled Rotating Fluid Evaporator and Condenser and described in the specification identi- 
fied above. 


If the rights held by the above-identified small business concern are not exclusive, 
each individual, concern, or organization having rights to the invention is listed below: 
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No rights to the invention are held by any person, other than the inventor, who 
could not be classified as an independent inventor under 37 CFR §1 .9(c) if that person 
had made the invention, or to any concern vs^hich wovAd not qualify as a small business 
concern under 37 CFR § 1.9(d) or any organization which would not qualify as a non- 
profit organization under 37 CFR § 1 .9(e). 

I acknowledge the duty to file, in this application or patent, notification of any 
change in status resulting in loss of entitlement to small-entity status prior to paying, or at 
the time of paying, the earliest of the issue fee or any maintenance fee due after the date 
on which status as a small entity is no longer appropriate. (37 CFR § 1.28(b)) 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further 
that these statements v^ere made with, the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
1 8 of the United States Code, and that such willful false statements may jeopardize the 
validity of the application, any patent issuing thereon, or any patent to which this verified 
statement is directed. 


NAME OF PERSON SIGNING: William H. Zebuhr 

TITLE OF PERSON SIGNING: Chief Executive Officer 

ADDRESS OF PERSON SIGNING: 6 Southgate Drive 

Nashua, NH 03062 


SIGNATURE: IX).\K\ ZgJ/UvA>^ DATE: S^^^VU^ZOOO 
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ROTATING FLUID EVAPORATOR AND CONDENSER 

CROSS-RELATED APPLICATIONS 

This applic£ition is related to the following co-pending U.S. Patent Applications: 
U.S. Patent Application Serial No. 09/211,363 entitled, ROTATING PLATE 
5 HEAT EXCHANGER, filed December 14,1 998, and assigned to the assignee of the pre- 
sent application; and 

U.S. Patent Application Serial No. 09/246,354 entitled, ROTATING PLATE 
HEAT EXCHANGER, filed February 8, 1999, and assigned to the assignee of the present 
application. 

1 0 BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to distillation systems and, more specifically, to an im- 
proved, highly efficient, rotary evaporator and condenser for use in a vapor compression 
distiller. 

1 5 Background Information 

Distillation is a well-known method for generating potable water from otherwise 
unsafe water sources (such as sea water or polluted ground water). With distillation, wa- 
ter is heated to boiling, and the resultant vapor (i.e., steam) is collected and condensed, 
producing distilled water. Many contaminants that are present in the water source are left 
20 behind when the water is converted to its vapor phase. Conventional small distillers typi- 
cally incorporate an electric heating element to boil water in a tank. A condensing coil 
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mounted above the tank collects the vapor and condenses it. The distilled water is then 
transferred to a holding tank or cell. These boiler-type distillers require substantial 
amounts of electrical power to produce relatively little distilled water, and are thus highly 
inefficient for producuig anything other than small amounts of distilled water. They are 
5 also extremely slov^^, often taking many hours to produce just a few gallons of distilled 
water. Accordingly, boiling-type distillers have not gained widespread acceptance or use. 

In addition to boiler-type distillers, thin-film distillers have also been proposed. 
For example, U.S. Patent No. 4,402,793 to Petrek et al. titled MULTIPLE EFFECT 
THIN FILM DISTILLATION SYSTEM AND PROCESS is directed to a solar-powered, 

1 0 thin film distiller, [n the distiller of the '793 patent, a plurality of parallel, spaced-apart 
plates are arranged to face the sun. Water to be distilled is supplied to the tops of the 
plates and guided to run down the back face of each plate. Sunlight irradiating the first 
plate's front side heats the plate and causes a portion of the water running down the op- 
posite side to evaporate. The vapor condenses along the firont side of the next adjacent 

1 5 plate, transferring heat to the flow of water on its opposite side and so on. Condensate 
generated along the front sides of the plates is separately collected at the bottoms of the 
plates. 

To improve the efficiency of thin-film distillers, rotary evaporators have also been 
designed. For example, U.S. Patent No. 4,73 1,1 59 to Porter et al., entitled 
20 EVAPORATOR, is directed to a rotary type evaporator having a plurality of horizontally 
stacked annular plaites that are disposed within a housing and mounted for rotation about 
a central shaft. The ends of alternating pairs of plates are sealed to define sealed spaces. 
Each sealed space includes two iimer plate surfaces facing each other and two outer sur- 
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faces, each of which is opposite a respective inner surface. The sealed spaces, moreover, 
are interconnected by a series of orifices and washers disposed between adjacent outer 
plate surfaces. A liquid to be distilled is introduced into the stack of rotating annular 
plates and enters eaich of the sealed spaces through an inlet port. As the liquid enters the 
5 spaces, it flows along the opposing inner surfaces of the space. A condensable vapor is 
introduced into the housing and is thus free to flow around the outer surfaces of the 
plates. The vapor is not, however, able to enter the sealed spaces. 

Since the liquid in the sealed spaces is at a lower temperature than the vapor, the 
vapor condenses along the outer svirfaces of the plates. The condensate is thrown off of 

10 the rotating plates, collects inside the housing and is removed through an outlet port lo- 
cated in the bottom of the housing. Condensation of the vapor also transfers heat across 
the plates to the liquid, thereby causing a portion of the liquid in the sealed spaces to 
evaporate. The vapor exits the sealed spaces through the liquid inlet ports and is removed 
from the top of the housing. Any non-evaporated liquid remaining in the spaces flows 

1 5 upwardly along the sealed spaces through the corresponding orifice/washer arrangements 
and is also withdrawn from the top of the evaporator. 

Although it may provide some advantages, the design of the '159 evaporator pre- 
sents a substantial risk of contamination of the condensate by the liquid being evaporated, 
and is thus not suitable to generating potable distilled water. In other words, vvdth the 

20 evaporator of the ' 1 59 patent, the iinsafe water which is being distilled could mix with, 
and thus contaminsite, the distillate. For example, a leak at any of the sealed spaces 
would allow liquid from the sealed space to enter the housing and mix vsdth the distillate 
being collected therein. The likelihood of such an occurrence, moreover, is not insignifi- 

3 

\\CHEETAH\VOL1\CLIENTS\105\019\0006\PROSECUT\PATAPPA4.DOC 06/12/00 9:02 AM 


PATENT 
105019-0006 

cant due to the corrosive attributes of some water sources and the high number of orifices 
and washers required to provide fluid communication between the various sealed spaces 
of the evaporator of the ' 1 59 patent. 

Rotary plate evaporators, such as the evaporator disclosed in the ' 159 patent, can 
5 also be relatively expensive to manufacture, in large part, due to the inefficient use of 
materials. In particular, the circular plates of rotary evaporators, such as the '159 evapo- 
rator, are typically punched out of a rectangular sheet of copper stock. This often pro- 
duces a significant amount of "waste" copper (i.e., the remaining portions of the rectan- 
gular sheet). Although such waste copper can be sold as salvage, the salvage prices for 

10 copper are far lower than the original costs. Accordingly, this expense must be reflected 
in the ultimate price of the distiller. 

Vapor compression distillers, which can be more efficient than conventional dis- 
tillers, are also known. The underlying principle of vapor compression distillers is that, 
by raising the pressure of a vapor (e.g., steam), its saturation temperature also rises. In a 

15 vapor compression distiller, vapor produced in an evaporator is removed, compressed 
(raising its saturation temperature) and returned to the evaporator, where it condenses, 
producing a distillate. Furthermore, the heat of vaporization that is given off as the vapor 
(having a raised saturation temperature) condenses is used to heat (and thus evaporate) 
the liquid being distilled. Large-scale vapor compression distillers using powerful cen- 

20 trifugal compressors can produce hundreds of gallons of distilled water per hour. These 
distillers, however, do not scale well to smaller systems. For example, the operating 
costs associated with the centrifugal compressor make them impractical for installations 
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that require only tens of gallons of distilled water a day. Thus, a need exists for a small- 
scale distillation system that can be economically produced and efficiently operated. 

SUMMARY OF THE INVENTION 

Briefly, the invention relates to an evaporator and condenser unit for use in dis- 

5 tilhng a liquid, sucti as water. The evaporator and condenser unit includes a rotary heat 
exchanger plate having a plurality of folds or pleats. In particular, the plate, which is 
preferably rectangular in its original form, is folded accordion-style and its two ends are 
joined together so iis to provide a generally circular form having an open central space. 
Adjacent panels of the folded plate define spaces between their oppositely facing sur- 

10 faces, and these spaces are altematingly configured as evaporating and condensing cham- 
bers. The evaporating chambers, moreover, are defined between adjacent panels joined 
at an inner diameter fold, while the condensing chambers are defined between adjacent 
panels joined at an outer diameter fold. The evaporating chambers are thus sealed at their 
inner diameter ends and open at their outer diameter ends, while the condensing cham- 

1 5 bers are open at their inner diameter ends and sealed at their outer diameter ends. The 
folded, heat exchanger plate is disposed between first and second end plates to seal the 
respective chambers firom each other, and is moxmted for rotation about its axis in a 
housing having a sump containing the liquid to be distilled. 

The first end plate includes a plurality of condensate collection ports that are in 

20 fluid communication with the condensing chambers. These condensate ports are proxi- 
mate to the outer diameter ends of the respective condensing chambers. A stationary 
scoop tube extends into a condensate collection space located at the first end plate oppo- 
site the folded, heart exchanger plate. The second end plate includes a plurality of liquid 
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distribution ports that are in fluid communication with the evaporating chambers. These 
liquid ports are proximate to the inner diameter ends of the respective evaporating cham- 
bers. A rotary scoop tube extends from the second end plate opposite the folded plate 
into the sump. A compressor is preferably mounted within the central space defined by 
5 the folded plate. A compressor inlet connects that portion of the housing in fluid com- 
munication with the evaporating chambers to the compressor. A compressor outlet con- 
nects the compressor to that portion of the housing in fluid communication with the con- 
densing chambers. 

In operation, the folded, accordion-shaped, heat exchanger plate is rotated about 
10 its axis, causing the rotary scoop tube to pick up liquid from the sump and deliver it to the 
liquid ports of the second end plate. From here, the liquid is pumped up the evaporating 
chambers at their inner diameter ends. Due to the rotation of the heat exchanger plate, 
liquid is accelerated and forced outwardly. The liquid flows along the oppositely facing 
surfaces of the adjacent panels of the evaporating chambers, and at least a portion of the 
1 5 liquid is evaporated. The vapor flows through the open outer diameter ends of the evapo- 
rating chambers and enters the housing. The vapor is drawn out of the housing through 
the inlet to the compressor. Any remaining, unevaporated liquid is flung off of the corre- 
sponding panel surfaces of the evaporating chambers, strikes the side wall of the housing 
and drops back dovm into the sump. Compressed vapor is delivered via the compressor 
20 outlet to the condensing chambers, where it condenses along the oppositely facing sur- 
faces of the respective panels. Centrifugal force generated by the rotating plate forces the 
condensate to the outer diameter ends of the condensing chambers which are sealed. The 
condensate flows upwardly opposite the sump, through the condensate ports and into the 
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condensate collection space. From the condensate collection space, condensate is with- 
drawn from the evaporator and condenser unit by the stationary scoop tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of which: 
5 Fig. 1 is a highly schematic block diagram of a vapor compression distiller system 

in accordance with the present invention; 

Fig. 2 is a cross-sectional, plan view of the evaporation and condensation unit and 
motor of Fig. 1; 

Fig. 3 is a partial, exploded view of the evaporation and condensation unit of Fig. 

10 2; 

Fig. 4 is an isometric view of a heat exchanger plate in accordance v^dth the pres- 
ent invention; and 

Figs. 5 and 6 are detail views of portions of the evaporation and condensation tmit 
of Fig. 2 along lines 5-5 and 6-6. 

1 5 DETA:[LED DESCRIPTION OF AN ILLUSTRATIVE 

EMBODIMENT 

Fig. 1 is a schematic diagram of a vapor compression distillation system 100 in 
accordance with the present invention. Generally, the system 1 00 comprises a heat ex- 
changer, such as counter-flow heat exchanger 102, for heating a supply of liquid to be 
20 distilled, such as non-potable water, which is received by heat exchanger 1 02 by first pipe 
104. Heated liquid is transferred from the heat exchanger 102 to an evaporation and con- 
densation unit 106 by a feed line 108. Coupled to the evaporation and condensation unit 
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106 is a motor 110 for supplying rotary power thereto. An output line 1 12 transfers a 
condensate, such as distilled water, from the evaporation and condensation unit 106 back 
through the heat exchanger 102. The condensate is then stored in a holding tank 1 14. 
Condensate may be withdrawn from the holding tank 1 14 by a second pipe 116. 
5 Fig. 2 is a highly schematic, cross-sectional view the evaporation and condensa- 

tion unit 106 and motor 110 of Fig. 1. The unit 106 includes a housing 202 having a 
bottom wall 204, a top wall 206 and a generally cylindrical side wall 208. Disposed 
within the housing 202 is a heat-exchanger plate 210, which, as described below, includes 
a plurality of folds or pleats that define alternating evaporating and condensing chambers. 

10 Plate 210 is configured for rotation about a central axis A- A, and includes an inner di- 
ameter edge 210a amd an outer diameter edge 210b relative to axis A-A. Plate 210 is also 
mounted between a first end plate 212 and a second end plate 214 that are both substan- 
tially perpendiculai: to axis A-A. Disposed between the two end plates 212, 214 is a 
compressor 216 having an inlet 218 and an outlet 220. Compressor 216 may be mounted 

1 5 to end plates 212 aitid/or 214. As shown, the compressor inlet 218 preferably extends 
through the second end plate 214. 

A drive shaft 222 extends from the motor 108, through the top wall 206 of the 
housing 202, and is attached to the first end plate 212 by suitable attachment means (not 
shown). Accordingly, motor 108 can rotate the combination of end plates 212, 214, heat 

20 exchanger plate 210 and compressor 214 about the central axis A-A. A stationary shaft 
223 preferably extends from the bottom wall 204 of the housing 202 to the compressor 
216. Stationary shaft 223, in cooperation with rotating shaft 222, provides a drive means 
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for operation of the compressor 216. A sump 224, which receives a liquid to be distilled 
from feed line 106, is located within the housing 202 adjacent to the bottom wall 204. 

It should be understood that motor 108 and/or compressor 216 may be located at 
other convenient locations. For example, compressor 216 may be disposed outside of the 
5 housing 202. 

A circular liquid feed ring 226 is preferably mounted to the second end plate 214 
opposite the heat exchanger plate 210. At least one rotating scoop tube 228 extends from 
the liquid feed ring 226 into the sump 224. The rotating scoop tube 228 has an opening 
228a in the direction of rotation. Extending through the second end plate 214 are a plu- 

10 rality of liquid feed ports 230. As described below, these ports 230 provide fluid com- 
munication between the feed ring 226 and the evaporating chambers defined by the 
folded heat exchanger plate 210, and are located proximate to the plate's inner diameter 
edge 210a. A circular flange 232, having an L-shaped cross-section, is mounted to the 
first end plate 212 opposite the heat exchanger plate 210, proximate to the plate's outer 

15 diameter edge 210b. Flange 232 includes a first part 232a that is substantially perpen- 
dicular to first end plate 212 and a second part 232b that is parallel to and spaced from 
the first end plate 212 so as to define a condensate collection space 234 therebetween. A 
weir or dam 236 may also be disposed within the condensate collection space 234 sub- 
stantially parallel to first end plate 212. The weir 236 divides space 234 into first and 

20 second spaces 234a, 234b. 

Extending through the first end plate 212 are a plurality of condensate ports 238 
that provide fluid communication between the condensing chambers defined by the 
folded heat exchanger plate 210 and the first condensate collection space 234a. A sta- 
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tionary scoop tube 240 extends through the top wall 206 of housing 202 and into the sec- 
ond condensate collection space 234b. Stationary scoop tube 240 has an opening 240a, 
which also preferably faces the direction of rotation of the heat exchanger plate 210. 
Scoop tube 240 is connected to the output Une 112. 

5 The folded heat exchanger plate 210, first end plate 212, and second end plate 214 

collectively define two spaces within housing 202. An evaporated vapor space 242 gen- 
erally consists of tirie space outboard of the outer diameter edge 210b of plate 210, above 
first end plate 212 and below second end plate 214. The evaporated vapor space 242 is in 
fluid communication with the compressor inlet 218 and the evaporation chambers, as de- 

10 scribed below. A compressed vapor space 244 generally consists of the space inboard of 
the inner diameter edge 210a of plate 210, below first end plate 212 and above second 
end plate 214. The compressed vapor space 244 is in fluid communication with the com- 
pressor outlet 220 land the condensate chambers, as described below. The evaporated va- 
por space 242 and the compressed vapor space 244 are segregated (i.e., sealed) from each 

15 other, primarily by the heat exchanger plate 210 and first and second end plates 212, 214. 

Fig. 3 is a partial exploded view of the evaporation and condensation unit 106 of 
Fig. 2. The compressor 216 has been removed for clarity. As shown, the second end 
plate 214 includes an aperture 302, which is preferably sized to receive the compressor 
inlet 218 (Fig. 2). Disposed in a concentric circle or ring about aperture 302 are the liq- 

20 uid ports 230. The first end plate 212 is solid (i.e., no aperture) to prevent compressed 
vapor in the compressed vapor space 244 (Fig. 2) from flowing to the evaporated vapor 
space 242. The condensate ports 238 similarly form a concentric circle or ring about the 
first end plate 212. 

10 
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Fig. 4 is an isometric view of the heat exchanger plate 210. Plate 210 is prefera- 
bly formed from a single, rectangular plate having two opposing ends 402a, 402b. The 
plate 210 is also folded back-and-forth accordion-style so as to define a plurality of alter- 
nating folds or pleats 404, 406. Between each pair of sequential folds 404, 406 is a sub- 
5 stantially planar panel 408 of the plate 210. The two opposing ends 402a, 402b of the 
plate 210 are joined together so as to give plate 210 a circular form, such as a cylinder or 
annulus, having a center that is coaxial v/ith the axis of rotation, as best shovm in Fig. 3. 

In the preferred embodiment, plate 210 is formed from 0.008 inch metal sheet 
stock having sufficiently high thermal conductivity, such as copper, stainless steel, etc. 
1 0 When folded and formed into an annular shape, plate 210 has an inside diameter of ap- 
proximately 5 inches and an outside diameter of approximately 12 inches. Since the heat 
exchanger plate 210 of the present invention can be formed from a single rectangular 
piece of material, such as copper, there is little or no waste material generated during its 
manufacture. That is, unlike the prior art heat exchanger plates, plate 210 is not formed 
15 from pimching forms out of copper stock. Accordingly, the evaporator and condenser 
unit 106 of the present invention can be more economically produced than prior art imits. 

Those skilled in the art wdll understand that other plate dimensions may be used 
depending on the desired condensation flow rate of the system 100 (Fig. 1). 

The two ends 402a, 402b of plate 210 are preferably welded or braised together. 
20 The first and second end plates 212, 214, which may also be formed from copper stock, 
may be soldered or braised to the heat exchanger plate 210. 

It should be understood that plate 210 may be formed from two or more pieces. 
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The liquid feed ports 230 and condensate ports 238 each have cross-sectional ar- 
eas on the order of 0.005 to 0.001 square inches and are generally elliptically shaped with 
their major axes substantially radially aligned, although other shapes, such as circles, may 
be employed. 

5 Figs. 5 and 6 are enlarged views of the liquid introduction and condensate collec- 

tion areas, respectively, of heat exchanger plate 210 along lines 5-5 and 6-6 (Fig. 2). As 
shown, each panel 408 of plate 210 defines two plate surfaces 502, and the oppositely 
facing surfaces 502 of adjacent panels 408 define spaces therebetween. These spaces, 
moreover, are alternately configured as evaporating chambers 504 and condensing cham- 

10 bars 506. By virtue of the inner folds 404 relative to axis A-A, the evaporating chambers 
504 are sealed at their umer diameter ends 504a (Fig. 5), and open at their outer diameter 
ends 504b. The condensing chambers 506, in contrast, are open at their inner diameter 
ends 506a, and sealed at their outer diameter ends 5G6b (Fig. 6). 

Each liquid port 230 (Fig. 5), moreover, which extends through the second end 

1 5 plate 214, opens into an inner diameter end 504a of a respective evaporating chamber 
504. Each condensate port 238 (Fig. 6), which extends through the first end plate 212, 
opens into an outer diameter end 506b of a respective condensing chamber 506. Each 
panel 408 further includes a restriction element 508, disposed in the respective evaporat- 
ing chamber 410. Element 508 may be a formed ridge on the panel's surface 502. Op- 

20 posing restriction elements 508 define a gap through which liquid flows. The gap is pref- 
erably on the order of 0.002-0.010 inches and may be a function of the width of the cor- 
responding evaporating chambers 504. The gap is preferably located slightly outboard of 
the liquid ports 230 relative to the rotational axis A-A, and extends the fiill height H (Fig. 
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4) of the plate 210. It may also taper from bottom to top (i.e., the gap may be smaller at 
the bottom than at the top) to yield an even flow along the plate 210. 

Although the particular compressor 110 type is not critical to the present inven- 
tion's operation, a compressor of the type disclosed in copending U.S. Patent App. Ser. 

5 No. 09/209,947, filed December 11, 1998, entitled A Reciprocating Low Pressure Ratio 
Compressor, and hereby incorporated by reference in its entirety, is preferred. The motor 
108, too, is a matter of design choice, one example being a two or four pole electrical 
motor having an operating speed in the range of 1500-3600 rpm. However, any source of 
rotary power may be employed. 

10 In operation, motor 1 10 is activated, thereby rotating shaft 222, which, in turn, 

rotates the heat exchanger plate 210, first and second end plates 212, 214 and compressor 
214 within housing 202. A conventional speed reducer, such as a belt or gear transmis- 
sion (not shown), is preferably employed so that the rotational speed of these components 
is approximately 1000 rpm. Liquid to be distilled, such as non-potable water, passes 

1 5 through heat exchanger 102, where it is heated approximately to its boiling point and 
flows through inlet pipe 1 08 into the sump 224 of the evaporation and condensation unit 
106. The liquid is then heated to boiling within the sump 224 by suitable means, such as 
an electric element (not shown). Compressor 214 is also activated, thereby drawing any 
vapor from the evaporated vapor space 242 of housing 202 into the inlet 218. Com- 

20 pressed vapor is fed to the compressed vapor space 244 through compressor outlet 220. 
Rotation of plate 210 causes the rotary scoop tube 228 to be driven through the sump 
224. With its open end 228a disposed below the surface of the liquid in the sump 224 
and open in the direction of rotation, scoop tube 228 picks up a volume of liquid and 
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passes it to the liquid feed ring 226. Once the feed ring 226 is filled, the liquid flows 
through the liquid ports 230 formed in the second end plate 214 and into the evaporation 
chambers 504. A liquid flow path is thus estabhshed from the sump to the evaporating 
chambers 504. 

5 The centrifligal force generated within the rotating plate 210 forces the liquid 

from the iimer diameter ends 504a of the evaporating chambers 504 through the restric- 
tion elements 508, where it is converted into a thin film or sheet (as opposed to discrete 
streams) that flow along each of the oppositely facing plate surfaces 502. The restriction 
elements 508 may also meter the flow of Uquid through the respective evaporating cham- 

1 0 bers 504 such that liquid is received through port 230 faster than it flows through the re- 
spective evaporating chamber 504. Accordingly, a pool of liquid may form in the inner 
diameter end 504a of each evaporating chamber 504. 

As the liquid flows along the opposing plate surfaces 502 within each evaporating 
chamber 504, heat from the adjacent condensing chambers 506 causes some portion of 

15 this liquid to evaporate and form a vapor. The vapor flows radially outward and, since 
the evaporating chjunbers 504 are open at their outboard ends 504b, the vapor enters 
evaporated vapor space 242 of housing 202. Any remaining liquid (i.e., liquid that was 
not converted to VEipor) is flung off of the panel surfaces 502, strikes the side wall 208 of 
the housing 202 and drops back down into the sump 224. 

20 It should be understood that the rotary scoop tube 228, liquid ports 230 and re- 

striction elements 508 are all sized, and the rotation speed of heat exchanger plate 210 is 
selected, such that liquid is forced up the full height H (Fig. 4) of the heat exchanger plate 
210, thereby using all available sxirface area of the constituent panels 408 of the evapo- 
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rating chambers 504. Furthermore, those skilled in the art will recognize that other 
means besides one or more rotating scoop tubes 228 may be employed to transport liquid 
from the sump 224 to the liquid ports 230. For example, a pump and rotary seal ar- 
rangement may be utilized in place of tube 228. 

5 Operation of the compressor 214 causes the vapor formed in the evaporating 

chambers 504 and discharged into the evaporated vapor space 242 to be drawn into the 
compressor inlet 21 8. The vapor is then compressed raising its temperature and pressure. 
Compressed vapor is supplied to the compressed vapor space 244 by compressor outiet 
220. From here, the compressed vapor enters the condensing chambers 506, which are 

1 0 open at their inner diameter ends 506a and thus in fluid communication with the com- 
pressed vapor space 244. Since the evaporating chambers 504 are sealed at their inner 
diameter ends 504a, due to the presence of inner folds 404, compressed vapor does not 
enter the evaporating chambers 504. 

In the preferred embodiment, the heat exchanger 102 and compressor 216 are set 

15 to provide a pressure differential of approximately 1 .0 pound per square inch (psi) and a 
temperature differential of approximately 3" Fahrenheit (F) between the evaporating and 
condensing chambers 504, 506 during steady state operation of unit 106. 

As the liquid flowing along the panel surfaces 502 in the adjacent evaporating 
chambers 504 is vaporizing at a lower temperature (e.g., 212°F) than the compressed va- 

20 por (e.g., 215°F saturation temperature), compressed vapor condenses along the opposing 
panel surfaces 502 within the respective condensing chambers 506. This condensate is 
forced to the outboard ends 506b of the condensing chambers 506 by the centrifugal ac- 
celeration generated through rotation of the plate 210. Because the outboard ends 506b 
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of the condensing chambers 506 are sealed, due to the presence of outer folds 406, the 
condensate forms pools, generally designated P (Fig. 6), at the outboard ends 506b of the 
condensing chambers 506. As more and more vapor condenses and collects at the out- 
board ends 506b of the condensing chambers 506, the surfaces of these pools P rise (e.g., 
5 move toward the axis of rotation A- A). 

The condensate, which is constantly seeking out a lower level (relative to axis A- 
A), reaches and eventually flows through the condensate ports 238 in the first end plate 
212 and spills into the first condensate collection space 234a (Fig. 2). The condensate 
then cUmbs over the weir or dam 236 and enters the second collection area 234b. Here, 

10 condensate is removed by stationary scoop 240. More specifically, the build-up of con- 
densate in the second collection space 234b will eventually reach the scoop opening 
240a, at which point condensate will be forced into the scoop 240 and removed from the 
evaporating and condensing unit 106. By constantly removing condensate from the col- 
lection space 234, a flow pattern is established up through the condensing chambers 506, 

1 5 through the condensate ports 238 and into the condensate collection space 234. The weir 
or dam 236 is preferably sized to prevent compressed vapor in the condensing chambers 
506 from flowing through the condensate ports 238 and entering the evaporation vapor 
space 242. That is., the presence of weir 236 causes a corresponding column of conden- 
sate to form in first space 234a. This column of condensate blocks higher pressure vapor 

20 in the condensing chambers 506 from simply flowing up through condensate ports 238 
and entering that portion of the housing 202 that contains lower pressure vapor generated 
in the evaporating chambers 504. 
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It should be understood that the weir 236 may be removed, and the opening 240a 
of scoop 240 positioned within condensate collection area 234 such that the condensate 
ports 238 remain foil of condensate, thereby preventing the escape of compressed vapor 
from the condensing chambers 506. 
5 As shown, the novel fluid flow patterns established with the present invention re- 

duce the risk of contamination of the final condensate. In particular, condensate is pref- 
erably drawn out of the unit 106 opposite the sump 224, thereby reducing the chance that 
"dirty" liquid from the sump 224 will contaminate the condensate. Additionally, any 
leaks in the condensing chambers 506 only result in condensate entering the housing 202 
10 and falling down into the sump 224. In particular, should a leak develop between adja- 
cent chambers 504, 506, the pressure differential will cause condensate to enter the 
evaporating chamber 504 while preventing "dirty" liquid from entering the condensing 
chambers 506. 

It should be understood that imit 106 preferably includes one or more de-gasser 
1 5 components (not shown) for removing air and other gases from the housing 202. It 

should be forther uaderstood that the panel surfaces 502 in the evaporating chamber 504 
may be made hydrophilic, while the panel surfaces 502 in the condensing chambers 506 
may be made hydrophobic by suitable, well-known techniques. 

As described herein, each fold 404, 406 of heat exchanger plate 210 is preferably 
20 co-planar with the axis of rotation A-A. The lines defined by the folds, for example, may 
be parallel to the ajcis of rotation A-A, as shown in Fig. 3, or they may intersect the axis 
A-A at some imaginary point above or below the sump 224. In other words, the plate 
210 may have a truncated cone (or simple cone) shape rather than a cylindrical or annular 
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shape. The larger diameter end of the truncated cone, moreover, may be located either 
proximate to or away from the sump 224. Those skilled in the art will recognize that 
other generally circular shapes may also be employed. 

The foregoing description has been directed to specific embodiments of this in- 

5 vention. It will be apparent, however, that other variations and modifications may be 
made to the described embodiments, with the attainment of some or all of their advan- 
tages. For example, the evaporation and condensation unit 106 may alternatively repre- 
sent 1 effect of a multi-effect, thermally driven system. In this case, the compressor 
could be eliminated. In a thermally driven system, liquid in the sump may be heated to 

1 0 the desired temperature by sources other than heat exchanger 1 02, such as a stove top 
burner, solar energy, etc. In another embodiment, the condensing chambers 506 of unit 
106 could be coupled to a steam source. This steam source may constitute waste steam 
from a space heating system. In addition, other liquids besides water may be distilled 
with the system 100 of the present invention. Therefore, it is the object of the appended 

15 claims to cover all such variations and modifications as come within the true spirit and 
scope of the invention. 

What is claimed is: 
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CLAIMS 

1 1 . An evaporator and condenser unit for use in distilling a liquid, the evaporator 

2 and condenser unit comprising: 

3 a housing; 

4 a motor for supplying rotary power within the housing; 

5 a compressor having a compressor inlet for receiving a vapor generated wdthin the 

6 housing and a compressor outlet for returning compressed vapor to the housing; and 

7 a heat exchcmger plate disposed within the housing and operatively coupled to the 


8 motor for rotation about an axis, the heat exchanger plate having a plurality of folds and 

9 two opposing edges that are joined together so as to give the folded plate a generally cir- 

10 cular shape having a center that is coaxial with the axis of rotation, the folds defining a 

1 1 plurality of spaced-apart panels having corresponding surfaces that define alternating 

12 evaporating and condensing chambers between opposing panel surfaces, wherein 


13 the evaporating chambers are in fluid communication with the compressor inlet so 

14 as to provide vapor thereto, the condensing chambers are in fluid commxmication with the 

15 compressor outlet so as to receive compressed vapor therefrom, and the evaporating and 

16 condensing chambers are sealed from each other. 

1 2. The evaporator and condenser unit of claim 1 fiirther wherein: 

2 the evaporating and condensing chambers include inner and outer edges relative 

3 to the axis of rotation; 

4 the evaporaiting chambers are sealed at their inner edges by corresponding folds in 

5 the heat exchanger plate, and are open at their outer edges; and 
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6 the condensing chambers are open at their inner edges, and are sealed at their 

7 outer edges by corresponding folds in the heat exchanger plate. 

1 3. The evaporator and condenser unit of claim 2 further comprising a first end 

2 plate and a second end plate disposed within the housing substantially perpendicular to 

3 the axis of rotation, the folded heat exchanger plate mounted between the first and second 

4 end plates so as to seal the evaporating chambers from the condensing chambers. 


1 4. The evaporator and condenser unit of claim 3 wherein the housing includes a 

2 lower portion defining a sump containing the liquid to be distilled, the unit fiirther com- 

3 prises a plurality of liquid feed distribution ports extending through the second end plate 

4 such that a liquid flow path exists between the sump and the evaporating chambers via 

5 the liquid feed distribution ports during rotation of the heat exchanger plate. 

1 5. The evaporator and condenser unit of claim 3 wherein the housing includes a 

2 lower portion defining a sump containing the Hquid to be distilled, the unit fiirther com- 

3 prising: 

4 at least one rotary scoop tube coupled to the second end plate and extending into 

5 the sump; and 

6 a plurality of liquid feed distribution ports extending through the second end 

7 plate, the at least one rotary scoop tube and the liquid feed distribution ports cooperating 

8 to provide a liquid flow path between the sump and the evaporating chambers during ro- 

9 tation of the heat exchanger plate. 
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1 6. The evaporator and condenser unit of claim 4 further comprising: 

2 a flange mo anted to an outer diameter edge of the first end plate opposite the heat 

3 exchanger plate, the flange cooperating with the first end plate to define a condensate 

4 collection space therebetween; 

5 a plurality of condensate ports extending through the first end plate, the conden- 

6 sate ports providing fluid communication between condensate chambers defined by the 

7 folded heat exchanger plate and the condensate collection space; and 

8 at least one stationary scoop tube extending through the housing and into the con- 

9 densate collection sipace so as to remove condensate therefrom. 


1 7. The evaporation and condensation unit of claim 6 fiirther comprising a liquid 

2 distribution ring mounted to the second end plate opposite the heat exchanger plate and 

3 enclosing the liquid feed distribution ports, wherein the at least one rotary scoop tube is 

4 mounted to the liquid distribution ring and delivers liquid from the sump to the ring dur- 

5 ing rotation of the heat exchanger plate. 


1 8. The evaporation and condensation unit of claim 4 fiirther comprising a restric- 

2 tion element disposed in the evaporating chambers for generating a thin-film liquid flow 

3 on the panel surfaces of the evaporating chambers. 
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1 9. The evaporation and condensation unit of claim 8 further wherein each restric- 

2 tion element defines a corresponding gap in the respective evaporating chamber through 

3 which the liquid flows. 

1 10. The evaporation and condensation unit of claim 9 further wherein: 

2 the folded heat exchanger plate defines a central receiving space; 

3 the compressor is mounted to the second end plate within the central receiving 

4 space defined by the folded heat exchanger plate; 

5 the second end plate includes an aperture; and 

6 the compressor inlet extends through the aperture in the second end plate. 

1 11. The evaporator and condenser unit of claim 6 fiirther comprising an annular 

2 weir mounted to the flange and extending into the condensate collection space, the weir 

3 configured to generate a column of condensate blocking the condensate ports in the first 

4 end plate. 

1 12. The evaporator and condenser unit of claim 1 wherein the folds of the heat 

2 exchanger plate are co-planar with the axis of rotation. 

1 1 3 . A heat exchanger for use in a distiller having a supply of compressed vapor, a 

2 liquid to be distilled, and source of rotary power, the heat exchanger comprising: 

3 a heat exchimger plate operatively coupled to the source of rotary power for ro- 

4 tating the heat exchanger plate about an axis, the heat exchanger plate having a plurality 
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5 of folds and two opposing edges that are joined together so as to give the folded plate a 

6 generally circular shape having a center that is coaxial with the axis of rotation, the folds 

7 defining a plurality of spaced-apart panels having corresponding siirfaces that define al- 

8 temating evaporating and condensing chambers between opposing panel surfaces, 

9 wherein 


10 the evaporating chambers are in fluid communication with the liquid to be dis- 

1 1 tilled, the condensing chambers are in fluid communication with the supply of com- 

12 pressed vapor, and the evaporating and condensing chambers are sealed from each other. 

1 14. The heat exchanger of claim 13 further wherein: 

2 the evaporating and condensing chambers include inner and outer edges relative 

3 to the axis of rotation; 

4 the evaporating chambers are sealed at their inner edges by corresponding folds in 

5 the heat exchanger plate, and are open at their outer edges; and 

6 the condensing chambers are open at their inner edges, and are sealed at their 

7 outer edges by conesponding folds in the heat exchanger plate. 

1 15. The heait exchanger of claim 14 further comprising a first end plate and a sec- 

2 ond end plate arranged substantially perpendicular to the axis of rotation, the folded heat 

3 exchanger plate mounted between the first and second end plates and cooperating with 

4 the heat exchanger plate so as to seal the evaporating chambers from the condensing 

5 chambers. 
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1 16. The heat exchanger of claim 15 wherein the distiller fUrther includes a sump 

2 containing the liquid to be distilled, the heat exchanger further comprising a plurality of 

3 liquid feed distribu tion ports extending through the second end plate such that a liquid 

4 flow path exists between the sump and the evaporating chambers via the liquid feed dis- 

5 tribution ports during rotation of the heat exchanger plate. 


1 17. The heat exchanger of claim 15 wherein the distiller further includes a sump 

2 containing the liquid to be distilled, the heat exchanger further comprising: 

3 at least one rotary scoop tube coupled to the second end plate and extending into 

4 the sump; and 

5 a plurality of liquid feed distribution ports extending through the second end 


6 plate, the at least one rotary scoop tube and the liquid feed distribution ports cooperating 

7 to provide a liquid flow path between the sump and the evaporating chambers during ro- 

8 tation of the heat exchanger plate. 


1 18. The heat exchanger of claim 1 6 further comprising: 

2 a flange moimted to an outer diameter edge of the first end plate opposite the heat 

3 exchanger plate, the flange cooperating with the first end plate to define a condensate 

4 collection space therebetween; 

5 a plurality of condensate ports extending through the first end plate, the conden- 

6 sate ports providing fluid commxinication between condensate chambers defined by the 

7 folded heat exchanger plate and the condensate collection space; and 
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8 at least one stationary scoop tube extending into the condensate collection space 

9 so as to remove condensate therefrom. 

1 19. The heat exchanger of claim 1 6 further comprising a liquid distribution ring 

2 momted to the second end plate opposite the heat exchanger plate and enclosing the liq- 

3 uid feed distribution ports, wherein the at least one rotary scoop tube is moimted to the 

4 liquid distribution ring and delivers liquid from the sump to the ring during rotation of the 

5 heat exchanger plate. 

1 20. The heat exchanger of claim 19 further comprising a restriction element dis- 

2 posed in the evaporating chambers for generating a thin-film liquid flow on the panel sur- 

3 faces of the evaporating chambers. 

1 21 . The heat exchanger of claim 20 further wherein each restriction element de- 

2 fines a corresponding gap in the respective evaporating chamber through which the liquid 

3 flows. 

1 22. The heat exchanger of claim 1 8 further comprising an annular weir mounted 

2 to the flange and extending into the condensate collection space, the weir configured to 

3 generate a column of condensate blocking the condensate ports in the first end plate. 

1 23. The heat exchanger of claim 13 wherein the folds of the heat exchanger plate 

2 are co-pianar with the axis of rotation. 
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1 24. A method of fabricating a heat exchanger plate for use in a distiller, the 

2 method comprising the steps of: 

3 providing a substantially rectangular heat exchanger plate having at least two op- 

4 posing, parallel edges; 

5 folding the heat exchanger plate accordion style such that the folds are substan- 

6 tially parallel to the at least two edges; and 

7 joining the at least two opposing ends of the heat exchanger plate so as to give the 

8 folded plate a generally circular shape. 

1 25. The method of claim 24 wherein the circular-shaped heat exchanger plate de- 

2 fines a central axis, the method further comprising the steps of: 

3 providing first and second end plates; and 

4 mountmg ttie folded heat exchanger plate between the first and a second end 

5 plates such that the first and second end plates are substantially perpendicular to the cen- 

6 tral axis of the folded heat exchanger plate. 
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ABSTRACT OF THE DISCLOSURE 

An evaporator and condenser unit for use in distilling a liquid, such as water, in- 
cludes a rotary heat exchanger plate having a plurality of accordion-style folds, and hav- 
ing its two ends joined together so as to give the folded plate a generally circular form. 

5 The adjacent panels of the folded plate define spaces between their oppositely facing sur- 
faces, and these spaces are altematingly configured as evaporating and condensing cham- 
bers. The evaporating chambers have their inner edges sealed by corresponding folds, 
while the condensing chambers have their outer edges sealed by corresponding folds. 
The folded plate is disposed between first and second end plates, and is mounted for ro- 

10 tation about its axis in a housing having a sump containing the liquid to be distilled. Liq- 
uid is supplied to tlie evaporating chambers and compressed vapor is supplied to the con- 
densing chambers. Condensate is removed from the condensing chambers. 
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